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Interest in the technique of “end-
to-side neurorrhaphy and side-to-side
neurorrhaphy” has been reactivated
consequent to the presentation of
several papers on this topic at a Congress
that took place recently in Botucatu,
São Paulo. Motivated by this, I would
like to present a critical analysis of the
article published in the “São Paulo
Medical Journal”, Vol. 116, Sep/Oct
1998, from Fausto Viterbo et al., who
are great defenders of this concept.
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
Discussion
The exposition provided in their
work presents several errors, which I
have addressed in the following series
of points:
1. The title uses the word “perineurium”
wrongly, referring to the peripheral
layer of the nerves, whose correct
name is “epineurium”: perineurium
is the name of the sheath that involves
a group of axons. In the abstract of
this same work, the correct name,
epineurium, is used.
2. Because of the wrong denomination
used for the nerve sheath, which is
presented as “perineurium”, the
pictures nos. 4, 5 and 6 document
an impossible surgical intervention:
the extirpation of the perineurium,
the sheath involving a group of axons
in the nerve fibers.
3. Figures 4, 5 and 6 have legends
indicating the comparison between
two surgical groups “without
perineurium” wrongly, since one of
them, shown on the left, corresponds
to surgeries conducted on the right
side, according to the text, with the
epineurium remaining untouched.
4. Some of the details in the exposition
are incomplete. Thus, what is the
purpose of inserting the proximal
stump of the peroneal nerve as an
implantation in the abductor
muscle? What is the purpose of
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sectioning the cutaneous caudal
nerve of the calf, which is done
concomitantly to the sectioning of
the tibial nerve, located distally to
the position of the neurorrhaphy?
There is no representation in
Figure 2 of the sectioning of the
peroneal nerve, located distally to
the position of the neurorrhaphy
that is indicated in the text.
5. No presentation was made of the
transverse section of the peroneal
nerve, located distally to the neu-
rorrhaphy, which was said to have
shown “many regenerated fibers”.
Such a presentation would have
great documentary importance.
6. More importantly, there is a lack of
information about the functional
ability of the tibial-cranial muscle
(“TCM”) that is enervated by the
peroneal nerve, six months after the
time of the neurorrhaphy. Such
information is of capital importance
for evaluating the efficiency of the
neurorrhaphy that was done.
7. Figure 3, the only documentation
presented in relation to this matter
of controversy, does not show an
end-to-side neurorrhaphy that
plainly corresponds to the respective
title of the article (although the
respective legend refers to an end-
to-side neurorrhaphy), but rather a
side-to-side one. The figure shows
nothing more than the remains of
nerve fibers in one of the two
coupled nerves, in each half of the
figure. These ought to be the
receptor nerves, especially in the left
half of the figure. In this way, the
legend would correspond to the
information that the right half would
be the documentation of a side-to-
side neurorrhaphy of the receptor
nerve, without epineurium.
8. With regard to the “Results”
section: the statement about
supposed histological changes to
the nerves, six months after neu-
rorrhaphy, according to which lon-
gitudinal cuts taken from the area
of the neurorrhaphy would “suggest”
that the epineurium and perineu-
rium had disappeared and lateral
sprouting had occurred, and which
Figure 3 documents, is the absolute
opposite of the reality. Figure 3
corresponds to a side-to-side neu-
rorrhaphy: the borders between the
two nerves in each half of the figure
are quite clear, and there is a tenuous
space between the majority of the
neurorrhaphy components. One
further detail: in the right half of the
photograph, there are more dis-
tinctive tortuous traces, coming
from the connective tissue. It is
particularly important that no lateral
sprouting takes place over there.
9. In the account regarding nerve
fibers in the specimens taken six
months after the neurorrhaphy,
from the distal portions of the pe-
roneal nerve and the proximal and
distal portions of the tibial nerve,
in relation to the position of the
neurorrhaphy, the information gi-
ven is that a number of fibers are
shown to be conserved in the nerves
pre and post- neurorrhaphy. An
explanation is nonetheless merited
for the noticeable loss of fibers from
the tibial nerve portion that is the
donor nerve, from 939 to 755 on
the left side of the post-neu-
rorrhaphy figure. See also my cri-
ticism of the nerve fiber concept,
in the Conclusion section, below.
10. The information regarding weight,
cytometry and electrophysiology of
the tibial-cranial muscle (“TCM
muscles”) shows the conservation of
these characteristics, which therefore
do not depend on the intervention.
11. The information commented on in
items 7, 8, 9 and 10 of this letter does
not make a comparison between the
situation before and after the
neurorrhaphy, but only between
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surgery done with and without
opening up the epineurium of the
receptor nerve. Thus, such infor-
mation does not prove the hypothesis
of the “energization” of nerves.
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
CONCLUSION
The corroboration of the author’s
“discovery” should be based on some
epilog: on documentation that gives
evidence that the denervated muscle,
“energized” by the neurorrhaphy, was
fully functional. And this was not done.
Following this, the histological
conservation of the “energized” nerve
should be corroborated.
It is not enough just to provide an
image obtained with a 90 times mag-
nification showing the nerve fibers.
With such a magnification, it is not
possible to document the existence of
the axon. The component accepted by
the author of the article as a “nerve
fiber” does not have a visible axon, and
without an axon, no functional nerve
conduction can be presumed.
The presentation of images with
greater magnification, showing the
presence of axons in the “energized”
nerve fibers, would unquestionably and
undeniably be effective (rather than the
image with 90 times magnification,
used for obtaining Figure 3). And this
could be obtained via the same staining
process, the Regand hematoxylin.
With regard to the results from
“energizing” a sectioned nerve, using the
neurorrhaphy that the author proposed,
the consequences would not be as the
author expected and indicated.
The motor action of the “energized”
nerve would take place concomitantly
with the motor action of the donator
nerve, triggered by action from the motor
area of the cerebral cortex in the donor
nerve. The motor action of the motor
cerebral area in the receptor nerve would
be blocked, because of the sectioning of
this nerve, associated with secondary
degeneration of its axons. Neurorrhaphy
of the facial nerve sectioned with the
hypoglossal nerve, for instance, would
result in the contraction of the facial
musculature, unleashed by the move-
ment of the respective hemilingual struc-
ture. There would be tonus in the facial
musculature, but not mimic movement.
Concomitantly, sensitivity in a skin
area corresponding to an “energized”
sensitive nerve would never reach the
corresponding cerebral sensitive area,
because its axons, albeit “energized”,
would be interrupted in the area of the
neurorrhaphy. That is, unless the
“energized” axons in the receptor nerve
could also “energize” the sensitive axons
in the donor nerve, in which case the
sensitive stimuli would reach the cerebral
sensitive area of the donor nerve.
Otherwise, the patient would continue
with anesthesia of the skin area
corresponding to the receptor nerve, and
would feel sensitive stimuli in the skin
area corresponding to the donor nerve.
Orestes Barini. Retired lecturer of the
Universidade Federal de São Paulo/Escola
Paulista de Medicina, São Paulo, Brazil.
Address for correspondence:
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EDITOR
Answer to Dr Orestes Barini
First of all, I would like to thank
Dr Orestes Barini for his detailed
comments on our article.
This new way of connecting peri-
pheral nerves has permitted various
experimental studies and opened up
countless therapeutic possibilities,
many of them already in clinical use.
As with all recent events in me-
dicine, some arouse admiration, others
skepticism. Several of my colleagne’s
observations are well reasoned and we
respond thus:
1. In reality, we did remove both the
epineurium and perineurium. As
it is obvious that we needed to
remove the epineurium in order to
remove the perineurium, and to
keep the title to a reasonable
length, we preferred to use just
perineurium in the title. A more
complete Abstract text would have
been “Epineurium and Perineu-
rium Removal”. Other authors
have also used this shorter form.
2. Perineurium removal is not only
perfectly possible, but we have
performed it, and so have other
authors.
3. The word “without” on the left side
of the graphs was copied incorrectly.
This has been corrected to “with”.
Thank you.
4. The objective of implanting the
proximal end of the peroneal nerve
into the abductor muscle was to
avoid the possibility of motor con-
tamination of this segment in the
distal ending of the same nerve,
which would have made the work
impracticable. This detail has ob-
viously been highlighted since our
early works and in other publi-
cations. The second occurrence of
the legend for Figure 2 is incorrect.
We agree that we should have had
another drawing of the peroneal
nerve section. What is clear and
obvious to the author is not ne-
cessarily clear to those not accus-
tomed to these studies.
5. We agree that a photograph of a
cross-section of the nerve fibers
would have been better.
6. Functional evaluation was not the
objective of this study.
7. End-to-side was performed, not
side-to-side. As we could not have
tension in the donor receptor nerve,
we always used end-to-side with the
receptor nerve for much longer than
necessary. Thus, it was common for
us to find the receptor nerve laterally
attached to the donor nerve for a
short length.
8. Even though the photographic do-
cumentation was inadequate for sho-
wing the lateral sprouting, we had
no doubt as to its occurrence. This
had been extensively proven in our
earlier works and in those of other
colleagues.
9. It was not the objective of this work
to analyze the number of donor nerve
fibers pre and post-neurorrhaphy.
Other works have analyzed this.
10. We do not agree. The effect of
reinnervation by end-to-side had
been well substantiated in our
earlier works and in those of other
colleagues.
11. The single objective of this work
was to verify the effect on the
epineurium-perineurium from
end-to-side. Our earlier work, and
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other authors’ work, had analyzed
and verified the efficiency of end-
to-side in muscular reinnervation
and the restoration of sensitivity.
As for the brain’s incapacity to
identify end-to-side reinnervated areas
in different nerves and antagonistic
muscles, I believe that my colleague has
underestimated this organ. Only time
will tell.
I take this opportunity to mention
that I have just returned from parti-
cipating in the “50 Years of Peripheral
Nerve Surgery” Congress in Vienna on
March 14–16, organized by the World
Federation of Neurosurgical Societies, at
which I was presented with The Hanno
Millesi Award for major contributions in
the area of peripheral nerve microsurgery
over the last five years. Our work on end-
to-side made us worthy of this honor.
In closing, I would like to make it
clear that our first publication in this
area was in the “São Paulo Medical
Journal”, and this article has been
referred to by many authors from
different countries. This reinforces my
opinion that this important medical
journal must keep its doors open to
experimental works, as has been its
editorial policy.
Finally, I would once more like to
express my thanks for my colleague’s
interest in our work.
Best regards
Fausto Viterbo. Professor and Head of
Plastic Surgery, Botucatu Medical School,
Universidade Estadual de São Paulo, São
Paulo, Brazil.
Address for correspondence:
Rua Magnólia, 265
Botucatu/SP – CEP 18607-670
Tel. (14) 6821-5497 / 6822-5414
In the article “Acute abdomen due to late
retroperineal extravasation from a
femoral venous catheter in a newborn”,
published in the edition dated 7 March 2002,
volume 120, number 2, page 59, authored by
Prof. Jaques Sztajnbok and Eduardo Juan Troster,
the correct name of the Institution is Hospital
Nossa Senhora da Penha and not Our Lady of
Penha Hospital.
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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